Background: Unplanned extubation (UE) is a frequent complication following endotracheal intubation and can increase intensive care unit (ICU) stay and hospital expenditure. We investigated the incidence, outcome, and predictive factors of patients with failed UE (reintubation within 48 hours) in the adult ICU of a medical center in Taiwan. Methods: We reviewed the medical records of patients with UE in ICUs from January 2004 through December 2007. The primary endpoint was factors predicting failed UE, especially in older patients (age ≥ 65 years). The second endpoint was the outcomes by age. Results: There were 539 UEs, representing a rate of 3.6% for all mechanically ventilated patients, a failed UE rate of 48.2% (260/539) and a hospital mortality rate of 16.9% (91/539). In multivariate analyses, the factors predicting failed UE were: not being on a weaning trial (odds ratio, OR, 2.694), accidental extubation (OR, 2.232), older age (OR, 2.028), pulmonary cause of intubation (OR, 1.958), longer intubation time (OR, 1.002), and lower mean arterial pressure (OR, 0.980). Older patients had significant longer ICU and hospital stays than younger ones (15.5 vs. 12.1 days and 37.4 vs. 30.2 days, respectively, both p < 0.05), higher hospital mortality (17.7% vs. 15.8%), and higher hospital costs ($375,700 vs. $337,200 New Taiwan Dollars). Conclusion: Older patients with failed UE had significantly longer ICU and hospital stays and tended to have higher hospital mortality and costs. Many factors predicted failed UE, including age. Physicians should consider age a risk factor for failed UE and adverse events.
Introduction
In the intensive care unit (ICU), unplanned extubation (UE) is recognized as the most common airway adverse event 1 , placing patients at much higher risk for complications. Morbidity rates of 5-28% for UE complications have been reported 2 , with serious respiratory and cardiovascular complications including aspiration pneumonia, bronchospasm, hypotension, tachyarrhythmia, even cardiopulmonary arrest and death 3, 4 . In a literature review, the UE incidence is 1.1-22.5% [4] [5] [6] [7] and a reintubation rate varied from 36% to 76% after failed UE [8] [9] [10] . In general, while UE resulted in prolonged mechanical ventilation, longer ICU and hospital stays, and increased need for chronic care
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Unplanned Extubation in Intensive Care Units associated with increased mortality over matched controls 2, 9, 11 . The increase in hospital expenditure is exclusively related to patients who failed to tolerate UE. Considering the low reintubation rate in some studies, earlier weaning and an extubation protocol should be introduced for the prevention of unnecessary UE 8 . Factors predicting reintubation in the ICUs of established centers include pneumonia as a cause of respiratory failure 6 , a higher acute physiological and chronic health evaluation (APACHE II) score 12 , a higher preextubation fraction of oxygenation (FiO 2 ) level 8, 12, 13 , a lower PaO 2 /FiO 2 (P/F) ratio 12, 14 , full ventilator support before UE 14, 15 , higher pre-extubation minute volume 16 , and accidental extubation 8, 14 . In addition, age is an important predictor of the need for reintubation after UE, and together, age and the need for reintubation are predictors of mortality after UE 10 . The objectives of this study were to survey the incidence, outcome, and predictive factors of patients who failed UE (reintubation within 48 hours) in the adult ICUs of a medical center, particularly in those greater than 65 years of age.
Materials and Methods

Study design and patient selection
We prospectively collected information on patients who had experienced UE and retrospectively reviewed their medical records from Each shift had the same workload with patient-tonursing staff ratios of 2:1. There were also no differences in nursing experience by shift. The study design was approved by the hospital institutional review board. During the study period, 15,061 admissions requiring mechanical ventilation via endotracheal tube were recorded. Endotracheal tubes were secured with 1.25 cm elastic adhesive tape or cloth tape, both circling the head, and secured directly to the tube. A patient prescribed and receiving benzodiazepines, opiates, or both was considered to be receiving sedatives. These agents were used for patients who were agitated, based on the clinical assessment of the attending physicians and the sedative protocol (Appendix 1). Nurses restrained patients following consultation with the physician primarily on the subjective assessment of a patient's level of agitation or persistent failure to obey instructions. Methods included chest, arm and hand restraints. A weaning protocol was also performed (Appendix 2).
UE was defined as deliberate removal of an endotracheal tube by a patient or accidental removal during nursing care or patient transport. Patients with UE were divided into failure or success based on whether or not reintubation was required within 48 hours of extubation. In all cases the decision to reintubate was made by a physician in attendance based on clinical indicators of respiratory failure, such as refractory hypoxemia and hemodynamic change.
Measurements
The following data were retrospectively collected: (1) demographic and clinical variables, including age (older group ≥ 65 years; younger group < 65 years), sex, cause of intubation (pulmonary origin, e.g., hypoventilation, extrapulmonary sepsis and postoperative), cause of reintubation (excessive secretion, upper airway obstruction, encephalopathy, or oxygenation failure and hemodynamic instability), time between intubation and UE, UE time (day, 8 AM-4 PM; evening, 4 PM-12 AM; night, 12 AM-8 AM), self-extubation or accidental, and ICU location (medical or surgical); (2) severity calculated by clinical nurse specialists on ICU admission, including APACHE II score, therapeutic intervention scoring system (TISS), and Glasgow Coma Score (GCS); GCS was calculated as 15 if an intubated patient was clearly conscious and able to talk after extubation; (3) most recent data before extubation, such as vital signs, arterial blood gas (including pH, PaO 2 , PaCO 2 , FiO 2 and P/F ratio), ventilator settings (including positive end expiratory pressure (PEEP), tidal volume, and minute volume), weaning trial or not (weaning trial defined as a pressure support mode ventilator with a level ≤ 14 cmH 2 O or T-piece trial without a ventilator), agitated or not, and sedated and physically restrained or not; and (4) outcome measures, including length of ICU and hospital stays, total hospital costs, and hospital mortality. The primary endpoint was factors predicting failed UE, especially in older patients, and the secondary endpoint was outcomes of older versus younger UE patients. Tables 1  and 2 ; the causes of intubation and reintubation are shown in Table 3 and Figure. Many factors have been attributed to failed UE, including older age, higher APACHE II scores, pulmonary causes of intubation, longer intubation time, accidental extubation, being in a medical ICU, lower mean arterial pressure and P/F ratio, and higher heart rate, respiratory and a higher hospital mortality rate (23.1% vs. 11.1%, p < 0.001) ( Table 5 ).
Discussion
Unplanned extubations are a concern in critical care. The findings of our study were consistent with those of previous studies in the incidence of UE, the rate of failed UE and the prognosis for patients experiencing UE. Table 4) .
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The incidence of UE in our ICUs was 3.6%, comparable to the 1.1-22.5% reported in the literature [4] [5] [6] [7] . Our 48.0% rate of failed UE was in agreement with the reported 37-76% [8] [9] [10] . The average age of UE patients was 64.0 ± 18.0 years. As a result of advances in public health and medicine, older adults make up an increased proportion of the population in Taiwan. Since 1993, Taiwan has been an "aging country," that is where 7% or more of the population 65 years or older 17 , as reflected in our UE population, 57.7% of whom were older. In addition, older patients had significantly longer stays in the ICU and hospital, and tended to have higher hospital mortality rates and hospital costs in our study, as also seen by Krinsley and Barone 10 . Physicians should consider age a potential risk factor for adverse events after UE. Our study found a poor outcome for patients with failed UE. This was seen in previous studies, with higher hospital mortality rates in patients who failed to tolerate UE (25-57%) than in those who succeeded (0-21%) 3, 9, 10, [12] [13] [14] 18 . Although UE patients did not differ in hospital mortality when compared to matched controls 2,9,11 , they still had longer hospital and ICU stays and greater expenditure 2, [9] [10] [11] . These were exclusively related to the proportion of patients who failed to tolerate UE, as shown in our study (Table 5) . Because of the potential complications of cardiac arrest, cardiac arrhythmias and aspiration pneumonia 3, 4 , reintubation, as an invasive procedure, may independently correlate with an adverse outcome. A study conducted by Epstein and Ciubotaru 13 has shown that patients reintubated within 12 hours of extubation (whether planned or unplanned) had a lower mortality than those reintubated later. Rapid reintubation may reduce the risk of death and significant organ damage which can occur with a delay. Another risk is the expense of unnecessary delay in recovery and prolonged ICU care and hospitalization. We recommend early identification of patients after failed UE and the early reinstitution of ventilatory support, as these have been shown to reduce the risk of mortality and morbidity associated with extubation failure 13, 19 . It is important to identify the clinical and laboratory parameters of patients at high risk for reintubation since UE is abrupt, unpredictable, and not totally preventable. Multivariate analysis demonstrated many factors significantly correlated with reintubation: not being on a weaning trial (OR, 2.694), accidental extubation (OR, 2.232), older age (OR, 2.028), a pulmonary cause of intubation (OR, 1.958), longer duration of ventilator use (OR, 1.002), and a lower mean arterial pressure (OR 0.980). Like Listello et al. 14 and Betbese et al. 15 , we found that patients not on a weaning trial before UE were at high risk of reintubation. Of the non-reintubated Figure. Causes of reintubation after failed unplanned extubation.
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Unplanned Extubation in Intensive Care Units patients in our study, more than half (62.7%) were on a weaning trial, and UE shortened the stay. These findings suggested that some patients may have delayed withdrawal from mechanical ventilation. Patients likely to achieve their own spontaneous ventilation should be identified early. Practicing weaning protocols to screen and initiate extubation has been shown to be effective 19 . As weaning protocols have been performed in the medical ICU since 2003, we found that some extubation was delayed by the surgeons. This may help explain why surgical patients had a higher percentage of successful UE than medical patients (66.2% vs. 40.4%). Many surgical patients with successful UE seemed to have their extubation delayed and may not require reintubation. On the other hand, when UE develops during the weaning period, noninvasive positive pressure ventilation may be an alternative 20 . Razek et al. 8 and others 14, 18 showed that accidental extubation was a predictor of reintubation after UE. Also, in our study, 21% of the UE were accidental, with 63.7% (72/113) requiring reintubation, matching results from previous studies. We believe that when UE does not occur accidentally during nursing care or patient transport, reintubation is sometimes not required (238/426, 55.9%). Patient age was another important predictor of failed UE, and indeed, Krinsley and Barone 10 found that age was the only predictor for the need for reintubation after UE. However, that study found statistical power only in patients aged 80 years or more; for those aged 65-79, they did not find a statistically significant difference from younger patients. In fact, it has been generally accepted that a chronological age of 65 years is the definition of an elderly or older person, as defined in our study. In fact, our study may be the first to find that being 65 or older predicted failed UE. We also found that respiratory failure from pulmonary causes (such as airway obstruction, pneumonia, pulmonary edema and chronic obstructive pulmonary disease) was an important factor in reintubation after UE, similar to Chen et al. 6 , who found that respiratory failure from pneumonia was the most important predictor of reintubation after UE. Respiratory failure from extrapulmonary causes (such as hypoventilation resulting from brain stroke, sepsis and postoperative status) was associated with a more rapid response to therapy, while those with pulmonary causes required more recovery time, even with aggressive treatment. Thus, patients intubated for pulmonary problems who experience UE require prompt reintubation.
The other factor predicting failed UE was longer ventilator use before UE. This was comparable to Betbese et al. 15 who found ventilator days independently associated with the need for reintubation. The process of weaning may be longer than necessary in some patients ready for extubation. We also found that patients with failed UE had a relatively lower mean arterial pressure before extubation. Listello 27 found, in a prospective study, that a respiratory rate of > 38 per minute was an accurate predictor of a failed weaning trial. The mean respiratory rates per minute of the two groups of patients (failed and successful) in our study were within this limit. Razek et al. 8 and Chevron et al. 18 found that FiO 2 > 50% and P/F ratio < 200 could cause failed UE, but we excluded those parameters because our groups did not differ in mean values. The increased incidence of UE at night (from evening to early morning) is believed to be related to the decreased care and attention in the ICU, as there are fewer bedside rounds of physicians, families visiting, and personnel performing new orders at this time, all of which lead to increased attention for high-risk patients. Our study showed no higher rates of UEs by shift, neither was time of day attributable to failed UE.
Several studies report that being less alert was associated with a risk of reintubation 14, 18 . Moons et al. 22 reported that a higher GCS level was a risk factor for patients with deliberate self-extubation, as compared with non-UE patients (12 vs. 4, p < 0.001). Our study did not find that GCS level was associated with failed UE.
Conclusion
In conclusion, we found UE in 3.6% of mechanically ventilated patients and an equivalent density of UE as 0.63 per 100 ventilated days. Older patients with failed UE had a poorer prognosis, increased hospital stays and expenses, and higher mortality. The predictors of failed UE included not being on a weaning trial, accidental extubation, a pulmonary cause of intubation, longer ventilator use, lower mean arterial pressure, and older age. To provide safe patient care, physicians should consider age a risk factor for failed UE and its potential association with adverse events. Using the quality improvement process and protocol for regular surveillance may help ICU staff reduce the incidence of UE.
